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Abstract
This paper looks at various studies to determine the impact of sustainable design
elements on students' learning through researching previous studies and applying positive
attributes to a case study of Bush Elementary School located in Essexville, Michigan.
The sustainable practices outlined in Leadership in Energy and Environmental Design
(LEED) that will be focused on are thermal comfort, lighting, indoor environmental
quality, and using the building as a teaching tool. This paper will briefly discuss why
sustainable practices are an important issue on a global and local level. Implementing
environmentally preferable building elements in schools is not only beneficial to the
planet but can also have a positive effect on absentee rates, student and teacher attitudes,
and test scores. Deteriorating educational facilities are becoming increasingly prevalent.
Investments into the infrastructure of buildings can benefit students, staff, and long term
savmgs.
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IMPACT OF SUSTAINABLE DESIGN ELEMENTS ON STUDENT LEARNING
There has been a growing movement to change our consumption habits due to the
deterioration of our environment. Designing buildings that run more efficiently is one of
the strategies that can be implemented to reduce our use of natural resources. One of the
organizations that are pushing to construct more sustainable facilities is Leadership for
Energy and Environmental Design (LEED), which offers certifications for professionals
and buildings that meet certain criteria. One of the obstacles of constructing green
buildings are the higher initial costs associated with more efficient materials and
construction techniques. This paper will discuss the benefits of sustainable design in
schools, including improved academic performance, higher teacher and student morale,
long term savings, and lower absentee rates.
Literature Review
Global Issue

According to the Environmental Protection Agency (EPA, 2017) the Earth's
temperature has risen 1.5 degrees Fahrenheit in the past century and is expected to
increase another 8.5 degrees over the next 100 years. The main cause for the increased
temperature is the greenhouse effect, which is the abundance of CO2 emissions in the
atmosphere that trap heat and cause the Earth to become gradually warmer. Since the late
1700s humans have caused over a 40% increase in the amount of carbon dioxide being
released into the air (EPA, 2017). Climate change affects many aspects of life including
agriculture, human health, wildlife habitats, energy, and water sources.
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Local Issue

One of the major environmental issues facing Michigan is the deterioration of the
water in the Great Lakes which accounts for 84% of North America's surface freshwater
and is distributed to 40 million people (EPA, 2017). Warmer temperatures can promote
the growth of toxic algae and decrease winter ice, which can cause increased erosion and
flooding (EPA, 2017). Another issue facing the Midwest is the impact of dimate change
on agriculture which accounts for two thirds of the ]and (EPA, 2017).
Economic Issue

Schools are facing budget cuts, which lead to deteriorating facilities. The
American Association of Schoo] Administrators has found that 74% of schools across the
nation should be repaired immediately and 12% are considered inadequate places of
learning (as cited in Berry, 2002). Many of the mandates on educational programs and
environmental standards are not accompanied by the financial means to support them.
The Department of Education has conducted studies to attempt to pass legislation to
provide additional funding to failing learning environments (Schneider, 2002).
Impact of Poor Facilities on Student Health

The American Lung Association (ALA) has determined that more than ten
million days of school are missed each year due to asthma related issues from poor
indoor environmental quality (as cited in Schneider, 2002). The United States General
Accounting Office has found that one in five children in America are exposed to poor
indoor air quality which can cause symptoms such as irritated eyes, nose and throat,
upper respiratory infections, nausea, dizziness, headaches and fatigue, or sleepiness,
which is collectively referred to as sick building syndrome by the EPA (as cited in Berry,
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2002). Another factor relating to the health of students is humidity. When the humidity
level is too high, mold growth occurs in the ceiling, which triggers allergy symptoms
among building occupants (Schneider, 2002). On the other hand, too low of a humidity in
schools can also affect absenteeism. In a study conducted by Leach, absenteeism was
reduced by 20% when the relative humidity was raised from 22% to 35% (as cited in
Schneider, 2002). Poor ventilation can also cause carbon dioxide levels to rise and create
higher levels of volatile organic compound (VOC) concentration, which can cause
adverse effects such as headaches, drowsiness, and inability to concentrate (Schneider,
2002).
Impact of Facilities on Academic Performance

Green schools are shown to improve academic performance by I 0% to 2 I%
(Hastings, 2009). In a case study completed at Charles Young Elementary School
located in Washington D. C. the attendance record was at 89% prior to 1997 (Berry,
2002). After the renovation of the facility the attendance improved to 93% and over half
of the students raised their test scores to be in line with the national average (Berry,
2002). The data gathered from the Charles Young School also showed greater pride from
the students, teachers, and parents after the renovation which is linked to improved
attendance, test scores, and parent involvement (Berry, 2002). The changes that were
made during the renovation included window replacement, lead paint abetment, repaired
leaks, carpet replacement, updated maintenance training, and major improvements to the
HVAC system.
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Table 6. National Test Results
Standard Test

Results

Before Restoration

Post Restoration

Y1996
49%

Y2000
24%

Math Scores Basic or
Above

51%

76%

Reading Scores
Below Basic

41%

25%

Reading Scores Basic
or Above

59%

75%

Math Scores Below

Basic

Observation
25% of nonperfonning students

have been motivated

Act:essible computer
technology has
enhanced math skills
Reading improvement
suggests better
mental concentration
Open dassroom
communication,

comfortable space,
noise control, lighting
enhance readini:1 skills

Figure]. Test results of Charles Young Elementary school before and after renovation.
Taken from: Berry, M.A.(201 2, January). Healthy school environment and enhanced

educational performance: The case of Charles Young Elementary School, Washington,
DC.

Research and Design Plan
Industry Standards
Schools must follow building codes that are set by local and state officials. One

..

of the main organizations that set minimum standards for building construction and
operation is the American Society of Heating, Refrigeration, and Air Conditioning
Engineers (ASHRAE) and the American National Standards Institute (ANSI).
ANSI/ASHRAE 62. I outlines requirements for minimum ventilation rates to ensure
proper indoor air quality (ASHRAE, n.d.). The ANSI/ASHRAE/11luminating Energy
Society (IES) 90.l standard sets regulations on building energy consumption including
guidelines for the building envelope, lighting, and mechanical systems (ASHRAE, n.d.).
Other standards that will be addressed in this paper are the International Green Building
Code (IGCC) and the International Energy Conservation Code (IECC). These
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organizations set guidelines to set a higher standard for buildings to ensure proper
construction and consumption. All of these standards are used as a foundation for the
LEED certification process. Buildings account for a large portion of greenhouse gases; in
the United States alone buildings account for 38% of all carbon dioxide emissions (LEED
V4, 2013). LEED was created by the United States Green Building Council (USGBC)
and seeks to optimize the use of natural resources, minimize the environmental impact of
the construction industry, and provide high-quality indoor environments. Another goal of
LEED is to provide a synergy between society, environment, and economy for a more
harmonious living environment.

Total Energy

Municipal Sofid
Waste

Electricity

CO2 Emissions

Water

Timber Harvest

Material
Consumptron

Ozone-depleting
CFCs

Figure 2. Building consumption in the United States. Taken from: Leadership in Energy
and Environmental Design. (2013). LEED Reference Guide for Building Design and
Construction (Vol. 4). http://dx.doi.org/ 978-1-932444-18-6
These standards are set in place to ensure the safety and health of the building
occupants. Without regulations, poor construction can lead to negative health issues,
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which are referred to as SBS or sick building syndrome. Many schools face this issue,
with subpar facilities that promote airborne bacteria and mold growth that can cause
asthmatic symptoms in children, which contributes to higher rates of absenteeism.
Enhanced ventilation rates can not only deliver more adequate supplies of fresh air but
also help dilute or remove chemical and biological contaminates. Schools are especially
vulnerable because children breathe a greater volume of air in proportion to their body
compared to adults (as cited in Schneider, 2002). Although there is evidence to show the
negative health effects of poor air quality, there is a higher cost associated with
conditioning outdoor air compared to recirculation. When schools are designed correctly
from the beginning, they can actually save money. Design fees in the construction of a
building only account for 6% to 8% of the total life cycle cost, whereas operation and
alterations account for 75% of the total budget (Hastings, 2009). If schools invested more
into the initial design, they could lower the operation and alteration costs to lower the
overa11 budget for the building. At minimum, schools should be sure that their systems
are operating to the ASHRAE 62.1 Indoor Air Quality Performance. LEED (2013)
requires that schools provide at least 30% increased ventilation to all occupied areas to
promote occupant comfort, well-being and productivity.
Thermal Comfort

Thermal comfort is an important part of the learning environment. Studies have
shown that the best temperature range for learning reading and math is 68 to 72 degrees
Fahrenheit year round (Berry, 2002). This research has also shown that there are specific
ranges depending on the individual but it is not realistic to accommodate each student in
a shared space to best suit him or her. Research conducted by Heschong found that
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teachers hold a basic expectation to be able to control light levels, sun penetration,
acoustic conditions, temperature, and ventilation in their classrooms (as cited in
Schneider, 2002). When teachers are unable to control these basic functions it can have
an impact on their ability to teach effectively. Research from the International Centre for
Environment and Energy shows that providing individuals with a 5 degree range of
temperature control can increase productivity 2.7% to 7% (as cited in LEED V4, 2013).
Schools can earn LEED credit by providing at least half of the building occupants with
comfort controls (LEED V4, 2013). The purpose behind this credit is to promote the
productivity, well being, and comfort of the users.
Another important aspect to thermal comfort is R-value, or a materials resistance
to thermal transition. The higher the R-value the better a material is at containing and
blocking temperature changes. Different climates have unique needs and therefore
require different thermal resistances. According to the Advanced Energy Design Guide
for K-12 School Buildings produced by ASHRAE (ASHRAE, 2004), for climate zone
five the recommended performance for walls is R-13.3 and R-30.0 for roofs. Without the
proper insulation the HVAC system will have to run longer which requires more energy.
Improved insulation can also keep building occupants more comfortable by reducing
drafts and keeping the space at a steady temperature, which has been shown to have a
positive effect on student performance.
Roof material is particularly important due to a phenomenon known as the heat
island effect. The heat island effect is the thermal absorption by hardscape, such as dark,
nonreflective pavement and buildings, and its radiation to the surrounding area. Urban
areas have been found to be 1.8 to 5.4 degrees Fahrenheit higher than suburban areas,
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which contributes to regional warming trends (LEED V4, 2013). These higher
temperatures can cause an increased load on heating and cooling systems leading to
higher costs and pollutants. A study conducted by the Department of Energy's Lawrence
Berkeley National Laboratory discovered that the potential savings from reducing the
heat island effect is between $4 to $15 million per year (as cited in LEED V4, 2013).
Some of the strategies used to reduce the heat island effect include installing shading
devices, solar panels, materials with a high solar reflectance index (SRI), and vegetated
roofs.

r r

Alr�tlft

Netilbolle rate 1111d dotlling

Figure 3. Factors affecting thermal comfort. Taken from: Leadership in Energy and
Environmental Design. (2013). LEED Reference Guide for Building Design and
Construction (Vol. 4). http://dx.doi.org/ 978-1-932444-18-6

Lighting
There are many types of lighting that have various color temperatures, color
rendering index (CRI), wattage, lumens, and beam direction. Despite the advancements
in lighting technology, the best is stil] day lighting. Prior to the 1950s daylight was the
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main source of light, but as the cost of power declined artificial lights became more
prevalent (Schneider, 2002). Natural light has been shown to reduce healing times in
hospitals, increase productivity, increase retail sales, reduce depression, and even
improve student performance (Boyce, Hunter, Howlett, 2003). One of the most
frequently cited studies in regards to the effects of day lighting in the classroom is by the
Heschong Mahone group that studied over 2,000 classrooms (as cited in Schneider,
2002). They concluded that students with the most classroom daylight progressed 20%
faster in math and 26% faster in reading over a one year period than students that were
exposed to the least amount of natural light (Schneider, 2002).
Although day light has been shown to have a positive effect on student
performance, it must be managed correctly. Without correct shading devices, light can
cause uncomfortable glare for building occupants. Similar to thermal comfort
controllability, lighting control is also important for the comfort of individuals. To obtain
LEED points, individual lighting controls must be accessible to 90% of the
administration staff and provide two lighting modes for classrooms for general work and
AV presentations (LEED V4, 2013). Additionally, user control of shading systems is
needed to adapt to the changing intensity and angle of the sun during the day. Solutions
can include manual or motorized shades that automatically adjust. Window shades can
be accompanied by a light shelf or other types of architectural features on areas of the
building that get the most sun to reduce cooling system needs and create more
appropriate light levels. For LEED credits, schools should provide at least 75% daylight
illumination between 300 and 3,000 tux (LEED V4, 2013).
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Outside views are also incorporated into providing daylight. LEED outlines the
proper area and ratio of windows to provide quality views and require direct sightlines to
the outside for a minimum of 75% of the building occupants (LEED V4, 2013). Quality
views include multiple sight lines that feature flowers, sky, and/or movement. Views can
help occupants connect with the environment and natural cues such as diurnal changes
from light to dark and season to season. These changes help reinforce our natural
circadian rhythm, which if disturbed can cause lasting health problems such as mental
disorders (LEED V4, 20 1 3 ).
Installing the appropriate lighting can reduce the negative impact of light
pollution for animals and people. Light pollution mainly occurs from the misuse of
exterior lighting, which can cause light trespass onto adjacent properties and artificial sky
glow. The effect of light pollution can disrupt wildlife such as migratory birds, nocturnal
animals, and even humans (LEED V4, 20 1 3). Too much artificial light during the night
time hours can interrupt our circadian rhythm and impair our night vision (LEED V4,
2013). While exterior lighting is important for safety and navigation at night, care needs
to be taken to instaH effective lighting that does not waste energy or create more light
pollution. Strategies for appropriate exterior lighting involve moving exterior fixtures
closer to the building footprint and eliminating the amount of light that travels above the
fixture by using a direct source or an up light shield. In the case study of Bush
Elementary, there are numerous residential dwellings in close proximity to the school,
which makes light trespass an important concern. Excessive lighting from the school
could disrupt peoples sleep and cause irritation. Overall, efficient and effective lighting
can reduce energy costs and the impact of development.
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Acoustic Performance

Excess noise can be incredibly distracting and irritating when trying to
communicate or accomplish a task. A study conducted by Earthman and Lemasters
reported three key findings in their research linking acoustics and learning performance
(as cited in Schneider, 2002). They discovered that higher student performance is
associated with schools that have less external noise, that outside noise causes increased
student dissatisfaction with their classrooms, and that excessive noise can cause higher
stress levels among students (as cited in Schneider, 2002). External noise also causes
teachers more discomfort and lower efficiency, which hinders the quality of teaching and
learning (Schneider, 2002).
Even though there are many studies that consistently show the consequences of
poor acoustics, many schools do not meet the standards that are required for proper
learning environments. Feth and Whitelaw determined that out of thirty-two classrooms
studied in Ohio only two met the standards recommended by the American Speech
Language-Hearing Association (ASHA) (as cited in Schneider, 2002). The United States
Architectural and Transportation Barriers Compliance Board approved ANSI/ASA
S1 2.60-2002 for ihe acoustical standard for schools (as cited in Schneider, 2002). This
performance criterion sets the maximum background noise of 35 decibels and
reverberation at 0.6RT to 0.7RT for unoccupied classrooms. According to the Industrial
Noise Control, 35 decibels is equivalent to a quiet rural area, or just above a whisper, but
below the low level of urban noise (Industrial Noise Control, 2017). One of the main
sources of excessive noise is outdated or inadequate HVAC systems, which can be
expensive to replace. A survey by the Center for the Built Environment at UC Berkley
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found that occupants are more satisfied with LEED buildings except when it comes to
acoustic performance (as cited in LEED V4, 2013). LEED does offer points for meeting
acoustic standards, but it is not typically at the forefront of environmental considerations.
Acoustic performance should be considered in the early stages of design especially in
regards to the HVAC system to prevent distracting background noise for the users later
on.
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Figure 4. Occupants' satisfaction in conventional versus LEED-certified buildings from
the Center for the Built Environment at UC Berkeley. Taken from: Leadership in Energy
and Environmental Design. (2013). LEED Reference Guide for Building Design and
Construction (Vo1. 4).http://dx.doi.org/ 978- 1 -932444- l 8-6
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Air Quality
The area that LEED excels the most over conventional buildings is satisfaction
with air quality (LEED V4, 2013). In the LEED guidebook, strategies are implemented
in tenns of mechanically ventilated systems, naturally ventilated systems, and mixed
mode systems and their relationship with one another. Within these strategies, the focus
is on air contamination prevention, ventilation, and monitoring systems. As discussed
earlier, air quality is a concern for schools due to the high rates of absenteeism from
asthma symptoms related to poor indoor air quality. ASHRAE 62. 1 sets the minimum
standards for ventilation rates to qualify as acceptable indoor air. The standards define
what is considered adequate outdoor air intake, moisture prevention, capture of
contaminants, recirculation requirements, and cleaning and maintenance guidelines
(Hedrick, n.d.). LEED offers points for exceeding the baseline ventilation requirements
set by ASHRAE by at least 30% (LEED V4, 2013). Higher ventilation rates can also
reduce the concentration of volatile organic compounds (VOCs), which are chemicals
emitted from building materials and finishes. Some VOCs can have adverse effects on
occupants' health. Schools with lower ventilation rates were shown to have two to eight
times higher concentration levels of VOCs (Schneider, 2002). Due to high costs of
conditioning ventilation air, many schools cannot afford the extra cost or do not value the
importance of proper ventilation.

Low-Emitting Materials
Along with increased ventilation rates, voe emissions can be reduced by
specifying low-emitting materials during the initial design. It is not possible to
completely eliminate voes since low levels are present in almost every material,
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including those from nature such as plants and trees, but an effort can be made to specify
low-emitting products to lower harmful chemicals in the air.LEED outlines design
guidelines that strive to reduce the concentrations of chemical contaminants that can
damage air quality, human health, productivity, and the environment for both exterior and
interior materials. Interior products are categorized by paints, adhesives, flooring,
composite wood, insulation, and furniture, and must be 90% to 1 00% VOC free
depending on the material (LEED V4, 2013). LEED also sets requirements for
manufacturer's testing and standards. A variety of industries have started to label
products either as LEED approved or other specific labeling that ensures quality
environmental practices and safe chemical content.

Building as a Teaching Tool
Another benefit of incorporating sustainable practices into the building design is
using the building as a teaching tool to promote environmentalJy preferable behavior.
The building can be used as a project based learning experience by relating subjects to
the design features in the building. One of the recommendations in ASHRAE's
Advanced Energy Guide for K-12 Buildings (ASHRAE, 2004), is to create transparent
cutouts in parts of the building system to educate students on construction practices and
promote ski11s in the science, engineering, technology, and math (STEM) fields. Students
learning about renewable resources in cJass could then be able to see an example of how
it works. This type of education can help promote awareness of sustainable practices to
future generations in a fun and interactive way.
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Application
Background Information
The case study of Bush Elementary will be used to apply the findings from the
research to depict how these elements can be applied to existing structures. This school
was chosen because it is located in my home town and has been in the news recently due
to a fund that was granted to help the district fix the failing infrastructure problems such
as presence of hazardous material and leaking roofs. The fund has been significantly cut
after voters rejected a 30 year $41 million plan (Easter, 2015). The current funds
allocated to building improvements are a $3.9 million bond and a $400,000 sinking fund
(Easter, 2015). In conducting this research, the hope is to educate taxpayers and school
officials on the importance of facilities on student performance and how they can
simultaneously help the community and environment.

Limitations
LEED has many different opportunities for buildings to earn credit to become
certified. The areas mentioned are only ones that have been shown to have a direct
correlation to students' learning including thermal comfort, lighting, indoor
environmental quality, and using the building as a teaching tool. Many of the studies
referenced in this paper assume that test scores are an accurate indicator of student
learning. There are also many factors that contribute to academic performance such as
the effectiveness of the teacher, student engagement, and course material. Due to this, it
is difficult to pinpoint what exactly caused the increased scores in the following studies,
but there have been many organizations that have duplicated the research and acquired
similar results. Since Bush is an existing building, orientation and location to maximize
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daylight and passive ventilation is limited. The purpose of this study is to display realistic
improvements to existing facilities. This study will only look at hypothetical
improvements to the elementary school due to time and cost constraints.
Conclusion and Solutions

Design solutions will address a typical reflected ceiling plan in a classroom to
improve lighting and ventilation. Sunshade devices will be added to improve the
controllability of the lighting system. A greenhouse is part of the proposed design to
offer better views, provide a large area for student collaboration, and to be used as a
teaching tool. Rigid insulation will be added on the inside of the exterior walls to
improve building energy and thermal comfort performance. Plants will be added to parts
of the roof for improved insulation and to reduce heat island effect. Areas that do not
have the vegetated roof wi11 be replaced with a material that has a higher SRI. Although
specific finishes such as paint and flooring are not specified, it wilJ be assumed that low
emitting materials would replace existing finishes. A geothermal energy source will also
be added to the building, which will lower energy costs. Transparent views to the system
wilJ be included to serve as another source of learning for the children. The existing

conditions are estimations based on field survey and age of building. See drawing set for
details of proposed features.
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